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ABSTRACT
A new enantioselective convergant approach to Retigeranic
acid (1) using (2+3) cyclopentene annulation methodology was
used.

A vinyl cyclopropane (8) intermediate was formed from

the enone (9) and the bromoester (10). This product (8) was
then pyrolized to yield the triquinane ring system (7).
pyrolysis product was reduced and saponified to give one
enatiomer of Retigeranic acid (1) in good yield.
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Retigeranic acid, i, which is a sesterterpene, was the
target molecule of this synthesis.

This compound was first

isolated about fifteen years ago from the lichen Lobaria
retigera found in the Himalayan mountains, and was the first
compound to be isolated that contained a triquinane
nucleus.1, 2

Two previous syntheses have been reported; the

first by E. J. Corey in 1985 and the second by L. A. Paquette

in 1987.31 4

The objective of this synthesis was to obtain

this compound in optically pure form, and intermolecular
( 2 +3) cyclopentene annulation methodology was used to execute
the synthesis.

RETlGERANlC AClD

Cyclopentene annulation methodology has been developed by
Hudlicky et al and is of two varieties.

The first type is

intramolecular (4+1) annulation, which involves internal
attack to form a vinyl cyclopropone intermediate, £•

The

desired cyclopentene, �, is obtained by vacuum flash
pyrolysis of the vinyl cyclopropane intermediate, £• The

(4+1) methodology was used in the 1980 synthesis of the
triquinane nucleus.

The second type, which was used in the

present synthesis, is intermolecular (2+3) annulation.

This

method involves the formation of a vinyl cyclopropane
intermediate, �, which again upon vacuum flash pyrolysis
yields the desired cyclopentene, �-

lnlr:,molucular (4• 1)
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A year and a half ago an extensive study of (2+3)

annulation was done using several enones.5

The enones were

combined with the lithium enolate of ethyl-2-bromocrotonate,
�, in a solution of tetrahydrofuran and
hexamethylphosporamide to form the corressponding vinyl
cyclopropane, 2.

The vinyl cyclopropane was obtained in a

racemic mixture; however, this was not a problem as only one
stereoisomer of the cyclopentene, Q, was obtained from the
pyrolysis step.
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Retrosynthetic analysis showed that retigeranic acid, i,
could easily be obtained from the ketoester, 2, form by
The ketoester, 2, would be

reduction and saponification.

formed by the pyrolysis of the vinylcyclopropane, �, which is
obtained by joining the right half of the molecule, �, with
the lithium enolate of the bromoester of the left half of the
molecule, 10.6
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A model study was done to determine the feasibility of
the junction of the right and left halves.

In the model

study the right half, �, was mixed with the lithium enolate,
li, of a molecule similar to the actual left half in a
solution of tetrahydrofuran and hexamethylphosphoramide at

-7a 0 c.

yield.

The vinyl cyclopropane, 1.£., was obtained in good
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The synthesis of the right half began with the optically
active compound (R)-(+)-pulegone, _u.

The pulegone, _u, was

first brominated in ethyl acetate, then treated with sodium
methoxide in methanol for a Favorskii rearrangement to form
the ester. The ester was then ozonized in methylene chloride
to form the keto group, 14. From this point we followed
Paquette's procedure.

The ketoester was treated with an

allyl tosylate and sodium hydride in toluene, followed by a
second ozonalysis in methanol to form the diketoester, 15.
An aldol condensation was carried out on the
diketoester, 15, using sodium hydride in toluene.

The

product was decarboxylated with lithium iodide in
N,N-dimethylformamide to form the desired enone, 1...§..6
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The remaining challenge was the synthesis of the left
half of the molecule.

Fallis in 1985 started with the acid

,17, and treated it with sodium hydride and lithium
diisopropylamide in tetrahydorfuran followed by the addition

of the bromide.7

The resultant anion attack yields the

desired acid, 18.

The acid was treated with lithim aluminum

hydride in ethanol to form the alcohol which was then reduced
to form the aldehyde, 19.

The alcohol was reduced with

pyridinium chlorochromate and sodium acetate in methylene
chloride.

From the aldehyde, 19, there are two routes to the

desired product which is a bicyclic ketone. The first
involved a Horner-Emmons type reaction to form a triene, 20.
The triene, l.Q, was closed by a Diels-Alder reaction and then
treated with hydochloric acid in tetrahydrofuran for
hydrolysis. The product was then treated with lithium
chloride in methyl sulfoxide and water to decarboxylate to
the desired bicyclic ketone, 21.

The second route involved

another Horner-Emmons type reaction, but instead of creating

a triene, a ketodiene, ll, was created.

An epoxide,

n,

was

formed on the terminal double bond by treating with MCPBA
(3-chloroperoxybenzoic acid) in methylene chloride.
epoxide,

n,

The

was then opened to form the ketoaldehyde by

treating with boron trifluorideetherate in benzene. The ring
is closed by treatment with zirconium (IV)n-propoxide in
benzene.

However there was an unwanted double bond on the

six-membered ring, l..2., which was removed by hydrogenation
with palladium as the catalyst and ethyl acetate as the
solvent.

The hydrogenation yielded the bicyclic ketone, £1.

Fallis reccomended using the second route for preparing the
bicyclic ketone, 21, in large quantities; however, the first
route was chosen because it was feared that the severe base
treatment would disturb the chiral centers of the molecule.
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Using this model for the synthesis of the left half,
(+)-limonene, 26, was selected because it contained a chiral
center in the proper location.

The limonene, 26, was

hydrogenated using platinum(IV) oxide as the catalyst and 95%
ethanol as the solvent.

One equivalent of hydrogen was used

to give selective hydrogenation of the terminal double bond
only.

The menthene, 27, that was obtained was then ozonized

in methylene chloride, followed by a workup in dimethyl
sulfide to give a ketoaldehyde, 28.

However this

ketoaldehyde, .?Ji, was not stable and could not be stored for
Thus for storage purposes the menthene

long periods of time.

was converted to the ketoacetal, 2..2, by ozonalysis in
methanol, followed by workup in dimethylsulfide with a trace
amount of para-toluene sulfonic acid.

When the

ketoaldehyde, 28, was needed the ketoacetal, 29, was
converted by hydrolysis wtih 3% perchloric acid in
tetrahydrofuran and water.
hours at

o 0c

The mixture was stirred for 3

and then at room temperature for 3 hours.
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The ketoacetal, 29, was converted to the ketoenolether,
30, by distillation in a Kugelrohr with a trace amount of the
para-toluenesulfonic acid.

The ketoenolether, lQ. was then

ozonized in methylene chloride to form the ketoaldehyde, .21_.
This reaction was very clean with no side products formed;
however, the production of the ketoenolether, 30, was not
reproducible so another method of forming the ketoaldehyde,
ll, was necessary.

A method of production was found using

the first ketoaldehyde, �- It was treated with piperidine in
ether to form an enamine, n._, which was then ozonized in
methylene chloride to form the second aldehyde,

n.

This

reaction was not as clean as the ketoenolether reaction and
some side products were formed but it was reproducible.
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The ketoaldehyde, ll, was then treated with one
equivalent of ethyl-4-dimethoxyphosporyl-3-methoxy2-butenoate in lithium diisopropylamide and tetrahydrofuran
at o 0•

By using, only one equivalent of the phosporyl, ll,

selective attack on the aldehyde group was achieved, with the
desired product (a ketodiene), 21, being obtained in greater
than 90% yield.

The ketodiene, 21, is then treated with

methyltriphenylphosphoniumbromide and n-butyl lithium in
tetrahydrofuran at room temperature to remove the keto group
A small portion

by a Wittig reaction and form a triene, 20.

of the triene, 20, was ozonized to the ketoaldehyde, 1..1, and
the optical rotations of the aldehydes' were compared to
ensure that the optical activity was not being altered.

The

rotations measured were within experimental error.
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The triene, 20, was closed via a Diels-Alder reaction to
form the desired bicyclic ketone, 2...1, by refluxing in wet
para-dichlorobenzene; however, this reaction was not
reproducible. Upon consultation with Fallis it was found that
he also encountered the same problem. Toluene was substituted
for the para-dichlorobenzene and the reaction carried out in
a sealed tube at 25o 0 c.

A mixture of saturated and

unsaturated products, l2_, was obtained.

Hydrolysis is

performed on the mixture using concentrated hydrochloric acid
in tetrahydrofuran, followed by decarboxylation with lithium
iodide in N,N-dimethylformamide to yield the desired bicyclic
ketone, 2..1-
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The bicyclic ketone, 21, was then converted to the
bromoester, 10, by treating with tertbutylbromo
trimethylsilylacetate in lithium.
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To a solution of the bromoester, 10 in lithium
diisopropylamide, tetrahydrofuran and hexamethyl-phosporamide
at

-7a 0 c

was added the enone, �, to form the vinyl

cyclopropane, �-

The vinylcyclopropane, �, was closed by

vacuum flash pyrolysis at 585 ° c or treatment with
tetramethylsilyliodide and titanium tetrachloride with the
ketoester form, 2, of the molecule as the product.
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n,

l-methyl-4-isopropyl-l-cyclohexane 27
(+)-Limonene 26 (68g, 0.5moles) was placed in a par
bottle with absolute ethanol (180ml) and distilled
water(20ml). Platinum (IV) oxide (0.50g, 0.0022moles) was
added to the mixture.

This mixture was hydrogenated until

there was complete uptake (0.5moles, 45psi). The reaction
mixture was then filtered through a filtering agent and
rinsed with ethanol (200ml, 90%). The filtrate was poured
into a separatory funnel with petroleum ether(250ml) and
separated.

The alcohol layer was washed four times with

water (100ml).

The combined water layers were washed twice

with petroleum ether (80ml) and the organic layers were
combined and dried over sodium sulfate.

The solvent was

removed by rotary evaporation and vacuum pump.
Yield= 58.24g, 0.425moles, 85%
Spectral data- 1 H NMR (CDC13)

=0.80(d,3H,J=6Hz), 0.859

(d,3H,J=6Hz), l.20(m,2H), l.45(m,1H), l.60(s,3H), l.70(m,2H),
l.80-2.05(m,3H), 5.35(bs,1H).

l,l-dimethoxy-3(R)-isopropylheptane-6-one 29
The menthene

n

27g, 0.196moles) was dissolved in

methylene chloride(50ml) and methanol(l00ml) and placed in a
glass gas-washing bottle equipped with a fritt terminated
inlet tube. The mixture was cooled to -78 ° C in a dry
ice/acetone bath with N2 gas passing through the system.

Once cooled, ozone was passed until the solution was

saturated (blue color), and N2 gas was passed to remove the

excess ozone.

The reaction mixture was transfered to a round

bottom flask and p-toluenesulfonic acid (0.5g, 0.0026moles)
was added. Dimethyl sulfide was added slowly at room
temperature and the mixture was stirred for 24 hours. The
solvent was removed by rotary evaporation, and the product
was washed with cold saturated sodium bicarbonate solution.
The sodium bicarbonate layer was washed four times with
methylene chloride.

The combined organic layers were washed

twice with brine and dried over sodium sulfate.

The

methylene chloride was removed by rotary evaporation.
IR (neat) cm-l 1710;

1H NMR (CDC1 )
3

= 0.85(d,3H,J=7Hz),

l.2-l.8(m6H), 2.05(s,3H), 2.36(t,2H,J=7Hz), 3.2(s,6H),

4.15(t,1H,J=6Hz); 13 c NMR (CDCl3)

=18.l(g), 24.4(t),

29.0(d), 29.5(g), 33.0(t), 38.7(d), 41.4(t), 51.9(g),
52.9(g), 103.4(d), 208.5(s); Mass Spectrum (70ev, m/e
(relative intensity)).

5-oxo-3-isopropyl-1-heptanal

�

The ketoacetal �(12g, 0,055moles) was dissolved in THF
(120ml) and the mixture was cooled to o 0 c while being
stirred under N2 gas. At o ° C perchloric acid (3%,120ml)was
added, and the mixture was stirred for 3 hours at
N2 .

o0 c

under

At that time the ice bath was removed and the mixture

was allowed to stir at room temperature for 3 hours.

The

mixture was then diluted with ether before separation. The
aqeous layer was extracted two times with ether.

The

combined organic layers were then washed once with saturated
sodium bicarbonate solution and once with brine and dried
over sodium sulfate.

The solvent was removed by rotary

evaporation.
Yield=90%

1H NMR (CDC1 )
3

=0.80 (d,3H,J=6Hz), 0.85(d,3H,6Hz),

l.245(m,2H), 1.65(m,2H), 1.85(m,1H), 2.10(s,3H), 2.20(m,1H),
2.35(m,2H), 9.75(t,1H,3Hz).

5-oxo-3-isopropyl-l-heptanal

28

The menthene 27 (27g, 0.196moles) was dissolved in
methylene chloride (150ml) and cooled to -7s 0 c in a dry
ice/acetone bath with N2 gas passing through the system.
Once cooled

ozone

was passed until saturation was observed

(blue color); N2 gas was passed through the system to remove
excess ozone.

The reaction mixture was transferred to a

round bottom flask and dimethyl sulfide was added slowly at
room temperature.

The mixture was stirred for 24 hours, and

at this time the solvent was removed by rotary evaporation.
The product was dissolved in ethyl ether, which was washed
four times with water.

the ether was then removed by rotary

evaporation and vacuum pump.
Yield=29.10g,87%
1H NMR (CDC1 )
3

=0.80(d,3H,J=6Hz), l.245(m,2H),

l.65(m,2H), l.85(m,iH), 2.10(s,3H), 2.20(mlH), 2.35(m,2H),
9.75(t,1H,3Hz).

Ethyl-4-bromo-3-methoxy-2-butenoate
To a mixture of 3-methoxy crotonate (lOg, 0.069moles) and
dry carbon tetrachloride (40ml) was added NBS (13.66g,
0.076moles). The mixture was refluxed under N2 while being

exposed to UV light for 3.5 hours.

The mixture was filtered

through a Buchner funnel, and the solvent was removed by
rotary evaporation.

The product was refiltered and then

pumped on a vacuum pump.
Yield=l4.15g,92%
1H NMR (CDCl ),
3

=l.30(t,3H,J=8Hz), 3.70(s,3H),

4.15(q,2H), 4.50(s,2H), 5.15(s,1H).

Ethyl-4-dimethoxyphosphoryl-3-methoxy-2-butenoate

_;u_

To the bromocrotonate (15.15g, 0.068moles) was added
trimethyl phophite (97%,38.85ml, 0.288moles).
was refluxed under N2 for 24 hours, and the
phosphite was distilled under vacuum.

The mixture

excess trimethyl

The product was

purified by separation on silica gel column. (Ethyl
acetate,80:hexane,20).
1H NMR (CDCl )
3

=l.20(t,3H,J=7Hz), 3.55(d,2H,J=23Hz),

3.60(s,3H), 3.65(s,3H), 3.70(s,3H}, 4.05(q,2H,J=7Hz),
5.l(d,1H,J=4Hz).

2-Carboxyethyl-3-methoxy-9-methyl-6-isopropylbicyclo
[4,3,0] non-2-ene 35
Ethyl 3-methoxy-9-methyl-6-isopropylbicyclo [4,3,0]
non-2-ene (120.1 mg, 0.43 mmol) was dissolved in 2 ml of
freshly distilled toluene, sealed and heated to 260° c for 18
hours.

The tube was opened, rinsed with 3 ml of

dichloromethane, the solvents evaporated and the crude
product chromatographed on flash silica gel to yield 29.3 mg
(24%) of pure product.
Rf =0.22 (hexane/ether,4:1); IR (neat);

1H-NMR (CDC1 )
3

0.75 (s,3H), 0.82 (d,2H,6Hz), 0.88 (d,2H,6Hz), 1.25

(t,3H,6Hz), 1.30-1.50 (m,2H), 1.50-1.70 (m,3H), 1.70-1.85
(lH), 1.85-2.15 (m,2H), 2.25 (m,2H), 3.70 (s,3H),4.15
(q,2H,6Hz).
IR (neat) 2980, 2900, 1715, 1620 cm-1
21.6 (CH3) , 25.4 (CH2), 28 • 7 (CH2), 30 • 5 (CH), 38.6 (CH2),

39 .7 (CH2), 40.1 (C), 46 • 4 (CH), 47.5 (CH), 55.7 (CH3), 59. 7
(CH2), 107 • 7 (C), 168. 2 (C).

2-Carboxyethyl-3-hydroxy-9-methyl-6-isopropylbicyclo
[4,3,0J non-2-ene
2-Carboxyethyl-3-methoxy-9-methyl-6-isopropyl-bicylco
[4,3,0J non-ene (252.8 mg, 0.90 mmol) was dissolved in 7ml of
THF. Concentrated hydrochloric acid (0.35 ml) was added.
After stirring at room temperature for 30 min., the reaction
was diluted with

ethyl ether, and the orgainc layer washed

with water (7 x 5 ml), dried with sodium sulfate, and the
advents evaporated to yield 231.8 mg (97%) of crude product.
The crude product was chromatographed on silica gel with
hexane/ether (98:-) to yield 172.0mg (72%).
Rf=0.6 (hexane/ether =95:5); bp (Kugelrohr temp.)

150-160 ° c at 0.05 mm Hg; Ir (neat) 2950, 2875, 1645, 1610 cm
-l 1H-NMR (CDC1 ) 0.74 (s,3H), 0.89 (d,3H,j=7Hz), 1.28
3

(t,3H,j=7Hz), 1.20-1.40 (m,3H), 1.45-1.65 (m,3H), 1.70-1.85
(m,lH), 1.90-2.10 (m,2H),1.23-1.55 (m,2H), 4 • 18 ( q,7Hz),

12.33 (s, lH); 13c-NMR (CDCl3) 14.2 (CH3), 18.0

(CH3), 19.2 (CH3), 21.5 (CH3 ), 25.5 (CH 2), 30 • 8 (CH),

32.1(CH2 ), 37.0 (CH2), 3 8 • 7 (CH2), 40.7 (C) , 46 • 0 (CH), 47.5
(CH), 60.1 (CH2), 97.1 (C), 172.4(C), 173.3 (C); Mass

Spectrum (70 eV, m/e (rel. int.)) 266 (75, M+ ), 251 (10), 221
(20) I 192 (25)

f

162 (35)

Calc'd for C16H26O3:
unknown compound.

f

149 (65) I 123 (60)

f

81 (100) •

266.1882. Found: 266.1881.

Reference:

6-isopropyl-9-methyldicyclo (4,3,0]-3-nonanone 21
LiI (512 mg, 3.8 mmol) was dissolved in 4 ml of DMF and
2-carboxyethyl-3-hydroxy-9-methyl-6-isopropylbicyclo (4,3,0J
non-2-ene (203.4 mg. 0.77 mmol) dissolved in 1 ml of DMF was
added dropwise.

the reaction was heated under reflux for

two hours, after which it was quenched with 3N HCl and
diluted with Et2o, and the solvents evaporated.

The product

was distilled with a Kegelrohr apparatus at 120 ° c (0.025
mmHg) to yield 147.1 mg (99%) of a yellowish solid.
R f=0.20 (hexane/ether =95:5); bp (Kugelrohr temp.) 120 ° c

at 0.025 mmHg; 1H-NMR (CDC13)

0.78 (d,3H,J = 7Hz}, 0.86

(d,3H,J = 7Hz), 0.98 (s,3H}, 1.18 (m,2H}, 1.40-1.70 (m,5H),

1.75-1.90 (m,2H}, 2.13 (t,1H,J = l4Hz), 2.25-2.45 (m, 3H).
Reference: Fallis et al., JOC, 1985, 50, 3418.

